Rapid uptake of gold nanorods by primary human blood phagocytes and immunomodulatory effects of surface chemistry.
Nanoparticle-based in vivo applications should consider the omnipresence of the phagocytes in the bloodstream and tissue. We have studied the nanoparticle uptake capacities of the most important human primary leukocyte populations using a nanoparticle library encompassing both rod-shaped and spherical gold nanoparticles with diameters between 15 and 50 nm and a variety of surface chemistries. Cetyltrimethylammoniumbromide (CTAB)-stabilized nanoparticles were internalized rapidly within 15 min and in large amounts by macrophages and to a lower extent also by monocytes. Interestingly, we found that the uptake of nanorods by macrophages was more efficient than that of nanospheres. Blocking experiments and electron microscopic studies revealed macropinocytosis as the major uptake mechanism. Grafting of poly(ethylene oxide) (PEO) onto the nanorods was found to significantly delay their internalization for several hours. The long-term uptake of PEO-coated nanoparticles with positively or negatively charged end groups was almost identical. Particle surface chemistry strongly influenced the expression of inflammation-related genes within 1 day. Furthermore, the macrophage phenotype was significantly affected after 7 days of culture with nanorods depending on the surface chemistry. Thus, in vivo application of nanoparticles with certain surface functionalities may lead to inflammation upon particle accumulation. However, our data also suggest that chemical modifications of nanoparticles may be useful for immunomodulation.